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arlatJatts UBf i on of t , h« gi g*" 

rl9 ur« for the First Series of Experts 

5 

""^f^ im munohistochemistry. and in situ 
Histology! analysis ^ 

hybridization of human primary 

carcinomas. __.,►»» ic carcinomas 

,n (1A-1C) Photomicrographs of primary prostatic 

„ f 0 llo«s- IM Immunohistochemical staining 
PrOCeSS t of Tros atic intraepithelial neo^astic 

L L intense positive i— ivities 
eeLd in the nuclei of the tumor cells growing in - 

a^ner « lesion showing dysplas, . 
intense positive immunostaining in the nuclei 

„ ial cell and the iow-to-undetectabie staining of the 
1 dissecting the gland and growing into the 
tumor ceiis protein in an 

2 0 lumen. <l« Undetectable levels of p27 P 

invasive primary prostatic carcinoma,- note the staining 
a normal gland trapped into the tumor. 

a normal a ^..tatio prostatic carcinomas 

(1D . 1F) .ctom^h s ^^-J^ , 8taining 

25 against p27 r 
note the intense nuclear staining of Dotn 
node; note display 

cells and lymphocytes (cells in tne g 

1 levITs) . (IE) I—istochemical staining against 
lo w P 27 leVel8> m e carcinoma to iwh node; 

p2 7 of another metastatic p ^ 
o positive immunostaining in the nu 
30 note the intense positive 
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ly mpho=ytes and the undetectable levels of p27 staining 
lymphocy ImU nohistochemi=al staining 

on the tumor cells. 

against P 27 of a metastatic prostate carcinoma to bone, 
note the positive i— ctivities in the 
s osteoblasts and the lac, o £ staining of tumor ^ce ^ 

^ a of a Dritnary invasive prostatic 
(1F-1G) Photomicrographs of a pnmaiy 

rcinoma processed as follows, «» --to und .tec tab. 
„histochemical staining against P 27 in the turner 
note th. staining of a norm*l gland trapped into 

section from the case illustrated p 

n olR of d27^ even in p27-negative tumor 
hiah mRNA levels oi p^ ' 

• • fhe anti-sense probe to P 27^. Original 
cells utilizing the anti sense y 

unification (1A) trough (IB) 400*. 
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In certain prostatic carcinomas p27 protein , 
functional cyclin-dependent Unase inhibrtor^ (») 
1Itra unohistochemical staining correUte s the 
,„ presence of p27 by i-unoblotting. Tumors .1 and #2 were 

positive for p27 protein 
negative and tumor #3 positi 

naralleling their IHC patterns. (2B) 
expression, paraiieimy 

xlnodepletion of P 27 extracts, -tracts 
tumors #2 and #3 were subjected to seo^entia! Repletion 
25 with antibodies specific to p27 or a non-specif « «bb t 
anti—se (RaM) . Following depletion, the protege n 

.,r, f » were resolved and the presence of p27 
the supernatants were re» 

UOtart *Y i— lotting. UC, ^--^ 
aepletes heat stable cyclin-dependent K-se 
■ •,-„ The supernatant shown in panel B was 
30 activity. The «* che ^ faction was 

and following clarification 
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_ =fnrtimtg of recombinant cyclin 
incubated with different amounts r 

mnA the degree of inhibition of cyUn 
E/CDK2 kinase and the aegj.«= 

M.tone HI substrate was measured. 
E/CDK2 activity on histone Hi 

5 ^anel and the bars are representative activities on 
arbitrary scale. Depletion with either RaM or P 27 
^ifi/ antibodies did not affect the inh^itory 
activity of the P27 negative tumor, however , ^ - 
of p27 from the positive tumor extract completely 

10 ablated the heat stable inhibitor activity. 



E 1 ™** 1 T^ivMia of patients with 

Recurrence-free proportion analysxs of P 

, aa assessed by time to 

1( . nriraa ry prostate carcinoma (n=42) as assess 

15 primary relapse were 

- psa Patients who had PSA reiap 

se who were still alive or died «- 
. r lost to follow-up during the study P-1-. — ^ 
as censored. Time to relapse was defined as the t* 
:L date of surgery to t h e endpoint <rel.se or 
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censoring . relapse-free ~ 

evaluated using the Kaplan-Meier .the* - «- ^ 

test. A trend was observed between a negatrve 
25 phenotype and early relapse (p-0. 08). 

Flour 60 ^ . 

hybridization of Human 

30 prostatic q£ consecu tive sections of 

(4A-4C) Photomicrographs 
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a .restate tissue processed as follows-. (4A) 
normal prostate t intense 
Im munohistochemical staining 

positive immunoreactivities are observed in the a 

\, lial cells in the luminal side of the acinus, 
of epithe in the nuclei of basal and 

5 with de nr r « -« » — hi9h 

, of in *** epithelial and stroma cells 

jnRNA levels of P27 jn flitu 

utilising the ^^ tt ^-t»*. 

hyb ridi Z ation utiU^ ^ J _ ^ 

10 lack of signals in botn p secti ons 
,«.«,) Photomicrographs of consecutive tissue 
(4D 4(1 « , nodule processed as 

„, a benign prostatic hyperplastic noaui p 
f \ ows <«« I—istochemical staining against p27 

the Ick or almost undetectable levels of 
note the lack q£ both 

15 immunoreactivity observed in ^ ^ ^ 

ePlthellal rdeirsed^livities in the nuclei of 
acinus, with decrea ^ ^ 

ba sal and stroma cell . J traJ18cript9 also in 

showing s oml cells utilising the 

20 both epithelial and 

k=. note the strong signal 
anti-sense probe, not ^ ^ 

cellul ar ^""^T^T- sltu hy bridi,ation 

utilizing the sense F 

•^oiial and stroma cells, as wen 

25 signals in epithelial ana 0rigi nal 

nnlar inflammatory elements. * 

, 4A ) (4B) and (4C ) 1000X; (4D) , (4B) 
magnifications: (4A) , (4B) an 

and m 400x - 

30 E Jaur fl ff prostatic tissues.' of 

Histopathological analysis of the p 
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' p27t/+ (5R > and P27-/- (»-5») 
12 monCh o!d P27 / ^ o{ norml prostate 

Photomicrographs of ^ and 

sampies processed as ^ ^ ^ 

eosin staining o £ ^ epitheUal cell 

5 showing aer fibroblasts and 

grounded » a — r^e. <« 

poor in supports connect of , 

HematoxyUn an. eosin gla nds ana 

P"-'- m ° USe T J^Liai ceils surrounded W 
10 hypercellular acini O P connecti ve tissue 

fibromuscular stroma eel ^ n „,_ (SC and 5D) 

flavin, aidant — ° £ 

Hematoxylin and eosin stam! g ing the 

15 complexity of the g hyper cellularity of 

4-« *c;r^ as well as 4 Jr 
stroma elements (SCI , a ...„„.. lona . (5 R)and(SB) 

th e acini (5D> . Originai magn.f.cat.ons. 

2 00x; (5C) and (5D) 400X. 

20 Ftg «e. tor the Second Series o« 

. n free and survival curves for 
«c progression- tree 
Eiguxfifl_fiA^iS * roy Th Kaplan-Meier 

25 method *as used ^ the 

• i The log -rank analysis was u 
survival. The 109 significantly 

- curves (6A) progression was sig 
^ Tits with tumors displaying a pB3-post,ve 

r edUCed m P^ents on was not related 

phenotype ^ eesio , was significantly 

30 to mdm2 status . <«C>, P digplaying a p2 x 

reduced in patient, with 
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positive phenotype (P-0.0165). 

, « Diagrammatic representation of the 

EAS1U * fi ^ 7A > and alterations tnat may develop 
p 5 3-pathway CA) , ana a 
5 Ling tun,or progression in prostate cancer (7B» 7M 
aurl 3 . „ of seve ral geneB involved 

p53 regulates the expression of severe * 

in cell cycle arrest lie, P 21> and apoptoeis (ie. bax) . 
1 Ids to heterodi,»eric protein Kinases forced by - 
p21 Binas v- irrtk's) blocking 

cyclins and cyclin-dependent kinases (Cdk s) b 

, • „f DRB/E2F1 complexes and abrogating 
10 phosphorylation of pRB/E2Fi f 

S-phase entry. p53 also produces an autoregulatory feed 
IL loop by transacting^. «™ 
o£ ^ has been observed to occur in several tu*or 
ty pes, and it is considered an oncogenic event Upon 
. ^2 D 53 products are trasncriptionally 
15 binding to mdm2, P« pro Thiawi ll 
Activated and triggered for degradation. This wil 

release the 01 arrest i^osed, in part, by 
abolish the apoptotic signals of the pathway^ Thus * 
activation of pS3 will favor proliferates 

<ZZJ^Z * — ^ produced via. 
ta ctor signaling, which would also i^act on cyclin 01 

of o21 does not appear to pe 
expression. The increment of p2l aoe 

25 Tie to controi the proliferative activity of tu^r 
lis. as attested by the association of ^ 

a v,i«h Ki67 proliferative index. TaKen 
phenotype and high Kit>' , v ... 

tog et h er, ~ — ssion will J— ^ 
p53 . p a thW ay, while increased «itoge a- J 
.v, pr oathway. The mechanistic basis 
30 offset the RB-pathway from the deactivation 

dual requirement stems, xn part, 
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, rt . nt cell suicide program that would 

:r u ii ::oii £ eitio n • 

for tbe fourth Series of Experiments 
5 Figures for cne rw« 

. ,.. JAdffl Immunohistochemistry and in Bita 

human benign prostatic hyperplasra 
hybr idiza tl on of feenign hyperp lastic 

(BPH >. Consecutive • ws: (eA) 

10 prostate tissue «ere processed as ^ 

— -rrJTS^: in both epithelial 
expression levels are u hybrldiM tion 

and stromal components. (M) a epithe lial 
shows undetectable «K i-els of P" n bo - J 
1S and stromal components when the antisense probe 

„<™r„. 9*^E Immunohistochemistry and in aU» 
tt 1101 -" k nrimarY prostatic carcinomas, 
hybridization of human primary P 

~f nrimarv human prostate 
Consecutive sections of primary . ^ 

were processed as , 
20 tissue were v ah awn. Lack of 

— — trirr i z - — - 

^rhral^ -mal components. «« » 
both epithelial ana T f pl6 m 

hyb ridi*ation reveals undetectable 1-is rfp ^ 

• u u,l and stromal components wnen 
25 both ep.theUal and analy9is . 

anti sense probe x. used. W q£ hu ^ 

^histochemistry «-» 

Pr0Stati= 0ar ::^l II P—e ca*er 
Consecutive sections of F» Y ^ 

r»rocessed as 
30 tissue were pr ^ sote 

Im nunohietochemical staining of P 
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strong b rown i— tion o— ;d r ^ - 
„ a Faint cytoplasmic staining is noted 
n^idi.ation shows high 
19 ^eUal cells — ». antisense probe is 

pis in epithelial internal 

analysis in Figure 9D. 
10 , oinn the log rank test, 

Th primal P-»« C " ClnOTa (n-88) " 
patients with primary^ ^ pgA level poet 

assessed by time ^ de£ined as the time 

15 prostatectomy. Time » _ ele vation 

date of surgery to the time oi 
from the date ^ ™i ar ,ae for group A. 

The median time to relapse tor a 
aft er surgery. The me ^ ^ £or 

ha3 not been J* ^ who M PSA relapse 

20 were classixieu 
recurrence • 



for the piret Series of Experiments 
5 Figures for tne *** 
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Ei3BEa ' JA f ^histochemistry, and in sit. 

Histological analyse, matas tatic prostatic 

hybridisation of human primary and .etastat 

carcinomas. at ic carcinomas 

agai^t P 27 of P ^ ^^ve 

(PIN) n ° te the nuclei of th e tumor 

^reactivities o^se- ^^ochemica! 

ell. erowino ,nto th ffl lesion showlng 
staining against P 27 

aplastic changes- no ^ ^ 
immunostaining in the nu 

„ the low-to-undetectable .Mining of 
and the iow ^ . n( . n the lumen. vl c > 

Hna the gland and growing into the 
dissecting the g .^.^ primary 

nd etecta b ie ievels of * P- ^ & ^ ^ 

prostatic carcinoma; note the 

trapped into the tumo- 

(1D . 1F) Photomicrographs o ^ 

orocessed * B 
carcinomas P* metastatic 

I(rol unohistoche m i=al staining agamst p 2 7 * 

• i-r> lvmph node; note tne 

estate catena to W ^ 

— -ining of ^h ^ ^ ^ 

(cel ls in the gern-ina 1 «n ^ 

aE) Inm unohistoche m ical » note|tfie 
m eta.tatic prostate carcrnoma « 
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intense positive immunostaining in the nuclei of 
lymphocytes and the undetectable levels of p27 staining 
on the tumor cells. (IF) Immunohistochemical staining 
against p27 of a metastatic prostate carcinoma to bone; 
5 note the positive immunoreactivities in the nuclei of 
osteoblasts and the lack of staining of tumor cells. 
UF-1G) Photomicrographs of a. primary invasive prostatic 
carcinoma processed as follows: (IF) Low-to undetectable 
immunohistochemical staining against p27 in the tumor 

10 cells; note the staining of a normal gland trapped into 
the tumor. (1G) In situ hybridization on a consecutive 
section from the case illustrated in panel (1H) showing 
high mRNA levels of p27 Ki P x even in p27-negative tumor 
cells utilizing the anti-sense probe to p27 Ki P l . Original 

15 magnification (1A) trough (1H) 40 Ox. 

THrpires 2fr-gV\. ] 

In certain prostatic carcinomas p27 protein is a 
functional eye 1 in -dependent kinase inhibitor. (2A) 

20 Immunohistochemical staining correlates with the 
presence of p27 by immunoblotting. Tumors #1 and #2 were 
negative and tumor #3 positive for p27 protein 
expression, paralleling their IHC patterns. (2B) 
Immunodepletion of p27 extracts. Extracts obtained from 

25 tumors #2 and #3 were subjected to sequential depletion 
with antibodies specific to p27 or a non-specific rabbit 
anti-mouse (RaM) . Following depletion, the proteins in 
the supernatants were resolved and the presence of P 27 
determined by immunoblotting. <2C> Depletion of p27; 

30 depletes heat stable cyclin-dependent kinase inhibitory 
activity. The supernatant shown in panel B was boiled. 
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and following clarification the soluble fraction was 
incubated with different amounts of recombinant cyclin 
E/CDK2 kinase and the degree of inhibition of cylin 
E/CDK2 activity on histone HI substrate was measured. 
5 (2D) The amount of each kinase used is shown in the 
panel and the bars are representative activities on an 
arbitrary scale. Depletion with either RaM or p27 
specific antibodies did not affect the inhibitory 
activity of the p27 negative tumor; however, depletion 
10 of p27 from the positive tumor extract completely 
ablated the heat stable inhibitor activity. 

Figure 3 [ ■ ] 

15 Recurrence-free proportion analysis of patients with 
primary prostate carcinoma (n=42) as assessed by time to 
detectable PSA. Patients who had PSA relapse were 
classified as failures, and patients with PSA relapse, 
or those who were still alive or died from other diseiase 

20 or lost to follow-up during the study period, were coded 
as censored. Time to relapse was defined as the time 
from date of surgery to the endpoint (relapse or 
censoring) . Disease relapse- free survivals were 
evaluated using the Kaplan-Meier method and the Logrank 

25 test. A trend was observed between a p27 negative 
phenotype and early relapse (p=0.08). 

Histological analysis, immunohistochemistry, and in situ 
30 hybridization of human normal prostate and benign 
prostatic hyperplasia. 
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(AA-AC) Photomicrographs of consecutive sections of 
normal prostate tissue processed as follows: (AA) 
Immunohistochemical staining against p27; intense 
positive immunoreactivities are observed in the nuclei 
5 of epithelial cells in the luminal side of the acinus, 
with decreased reactivities in the nuclei of basal and 
stroma cells. (AB) In situ hybridization showing high 
mRNA levels of p27 K1 f 1 in both epithelial and stroma cells 
utilizing the anti -sense probe. (AC ) In situ 
10 hybridization utilizing the sense probe to p27 K * 1 showing 
lack of signals in both epithelial and stroma cells. 
(AD-AF) Photomicrographs of consecutive tissue sections 
of a benign prostatic hyperplastic nodule processed as 
follows: (AD) Immunohistochemical staining against p27; 
15 note the lack or almost undetectable levels of 
immunoreactivity observed in the nuclei of both 
epithelial and stroma cells in the luminal side of the 
acinus, with decreased reactivities in the nuclei of 
basal and stroma cells. (IE) In situ hybridization 
20 showing low-to-undetectable P 27 Ki * 1 transcripts also in 
both epithelial and stroma cells utilizing the 
anti -sense probe; note the strong signal of the 
cellular inflammatory infiltrates that serve as an 
internal positive control. (AF) In situ hybridization 
25 utilizing the sense probe to p27 Ki P l showing lack of 
signals in epithelial and stroma cells, as well as 
cellular inflammatory elements. Original 
magnifications: (Aa) , (iB) and (AC ) lOOOx; (AD), (ft?) 
and (AF) 400x. 

30 
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Histopathological analysis of the prostatic tissues of 
12 month old p27+/+ (5A) and p27-/- (£B-£D) mice- 
Photomicrographs of tissue sections of normal prostate 
samples processed as follows: (£A) Hematoxylin and 
5 eosin staining of a prostate gland of a p27+/+ mouse 
showing well defined acini of epithelial cells 
surrounded by a stroma containing few fibroblasts and 
poor in supportive connective tissue components. (£B) 
Hematoxylin and eosin staining of a prostate gland of a 

10 p27-/- mouse showing multiple and complex glands and 
hypercellular acini of epithelial cells surrounded by 
f ibromuscular stroma cells in a connective tissue 
displaying abundant supportive components. (5.C and 5P) 
Hematoxylin and eosin stainings of a prostate gland of 

15 a p27-/- mouse, high power details, illustrating the 
complexity of the glands and abundant f ibromuscular 
stroma elements (£C) , as well as the hypercellularity of 
the acini (5JD) . Original magnifications: (SA) and (SB) 
200x; (SP) and (£D) 400x. 

20 

Figures for the Second Series of Experiments 

f Figure 6. Photomicrographs of selected primary 
25 prostate carcinoma cases analyzed by 
immunohistochemistry utilizing mouse monoclonal 
antibodies PAB1801 (anti-p53, A), 2A10 (anti-mdm2, B) , 
Ab-1 (anti-p21, 0 , and MIBI (anti-Ki67, D) . A, p53 
nuclear overexpression in tumor cells. Note the 
30 positive nuclear staining of tumor cells at a perineural 
invasion site (arrow) . B, mdm2 nuclear overexpression in 
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tumor cells. C,p21 nuclear overexpression in tumor 
cells. D, high Ki67 proliferative index. Note the 
intense Ki67 nuclear staining of tumor cells at a 
perineural invasion site (arrow).] 

5 

Fi guregf7.1 §fc-§C Progression- free and survival curves 
for patients with primary prostate cancer. The 
Kaplan-Meier method was used to estimate overall disease 
free survival. The log-rank analysis was used to 

10 compare the different curves. IfiAl [A,] progression was 
significantly reduced in patients with tumors displaying 
a p53-postive phenotype (P<0.01). 16E) [b] , progression 
was not related to mdm2 status. ISC) I'd , progression 
was significantly reduced in patients with tumors 

15 displaying a p21 positive phenotype (P=0.0165). 

Pi< yurefl f8.1 7ft -7 g Diagrammatic representation of the 
p53 -pathway (2A) , and alterations that may develop 
during tumor progression in prostate cancer (IB) . (2A) 

20 p53 regulates the expression of several genes involved 
in cell cycle arrest (ie, p21) and apoptosis (ie, bax) . 
p21 binds to heterodimeric protein kinases formed by 
cyclins and cycl in-dependent kinases (Cdk's), blocking 
phosphorylation of pRB/E2Fl complexes and abrogating 

25 S-phase entry. p53 also produces an autoregulatory feed 
back loop by transact ivating mdm2 . (7B) Overexpression 
of mdm2 has been observed to occur in several tumor 
types, and it is considered an oncogenic event. Upon 
binding to mdm2, p53 products are trasncriptionally 

30 inactivated and triggered for degradation. This will 
release the Gl arrest imposed, in part, by p21 and 
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abolish the apoptotic signals of the pathway. Thus, 
inactivation of p53 will favor proliferative activity, 
immortality, and development /accumulation of further DNA 
damage or mutations. The increased p21 expression 
5 observed in our study could be produced via growth 
factor signaling, which would also impact on cyclin Dl 
expression. The increment of p21 does not appear to be 
able to control the proliferative activity of tumor 
cells, as attested by the association of p21 positive 

10 phenotype and high Ki67 proliferative index. Taken 
together, mdm2 overexpression will inactivate the 
p53 -pathway, while increased mitogenic activity will 
offset the RB-pathway. The mechanistic basis for this 
dual requirement stems, in part, from the deactivation 

15 of a p53 -dependent cell suicide program that would 
normally be brought about as a response to uncheked 
cellular proliferation resulting from RB-def iciency . 

[Figures for the Third Series of Experiments 

20 

Figure 9A., Figure 9B., Figure 9C, Figure 9D., Figure 
9E., and Figure 9F.] 

Figures for the Fourth Series of Experiments 

25 

Figures flO.l gft-pfi Immunohistochemistry and in situ 
hybridization of human benign prostatic hyperplasia 
(BPH) . Consecutive sections of benign hyperplastic 
prostate tissue were processed as follows: (flA) 
30 Immunohistochemical staining of pl6 is shown. Protein 
expression levels are undetectable in both epithelial 
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and stromal components. (£B) In situ hybridization 
shows undetectable tnRNA levels of pl6 in both epithelial 
and stromal components when the antisense probe is used. 

5 Figures fll.1 9A-9D Immunohistochemistry and in situ 
hybridization of human primary prostatic carcinomas. 
Consecutive sections of primary human prostate cancer 
tissue were processed as follows: (j£A) 
Immunohistochemical staining of pl6 is shown. Lack of 

10 immunoreaction noted in the nuclei and cytoplasm of 
both epithelial and stromal components. (IB) In situ 
hybridization reveals undetectable mRNA levels of pl6 in 
both epithelial and stromal components when the 
antisense probe is used. (9C-9D) Histologic analysis, 

15 immunohistochemistry, and in situ hybridization of human 
primary prostatic carcinoma showing pl6 overexpression. 
Consecutive sections of primary human prostate cancer 
tissue were processed as follows: (£C) 
Immunohistochemical staining of pl6 is shown. Note 

20 strong brown immunoreaction observed in the nuclei of 
cells. Faint cytoplasmic staining is noted as well. 
(£D) In situ hybridization shows high mRNA levels of 
pl6 in epithelial cells when the antisense probe is 
used. A normal gland (see pointer) serves as an internal 

25 negative control in both the immunohistochemical 
analysis in Figure 2C and also the in £i£u hybridization 
analysis in Figure £D. 



30 Figure [12 .1 10 Kaplan-Meier curves, using the log 

rank test, stratified by pl6 groups (group A or group j 

■ I 
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B) of patients with primary prostate carcinoma (n=88) as 
assessed by time to detectable PSA level post 
prostatectomy. Time to relapse was defined as the time 
from the date of surgery to the time of P SA elevation 
after surgery. The median time to relapse for group A 
has not been reached. The median time to relapse for 
group B was 46.25 months. Patients who had PSA relapse 
were classified as having treatment failures and tumor 
recurrence. ; 
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